T here is no question that acute doses of cocaine have dramatic effects on the cardiovascular system. However, the effects of cocaine on the cardiovascular system are often the net effects of competing forces. For example, whereas cocaine can acutely depress myocardial contractility probably through a direct local anesthetic effect,1-3 it also blocks the reuptake of dopamine and norepinephrine at the postsynaptic junction leading to a sympathomimetic effect, which can counteract or override the negative inotropic effect.45 Cocaine also causes coronary vasoconstriction through both an increase in stimulation of postsynaptic a-receptors caused by increased norepinephrine levels as well as a possible direct stimulation of calcium flux into smooth muscle cells. Several experiments using isolated vascular rings have confirmed that cocaine can directly induce vasoconstriction.67 Theoretically, this vasoconstriction could lead to organ ischemia and has been postulated as one mechanism for coronary and cerebral infarcts in patients. However, cocaine's sympathomimetic effects of increasing contractility, increasing heart rate, and increasing blood pressure could tend to increase oxygen demand and hence increase coronary flow.
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The study by Clarkson et a18 in this issue of Circulation also demonstrated competing effects of cocaine on heart rate and the cardiac conduction system. In animals with an intact autonomic nervous system, cocaine caused a dose-dependent increase in heart rate. In animals whose autonomic nervous system was blocked by cutting right and left vagosympathetic trunks and administering atropine and atenolol, cocaine produced a dose-dependent decrease in heart rate. Significant increases in PR and AH intervals were observed only when cocaine was given to autonomically blocked dogs. The authors postulated that cocaine's effects on the electrophysiology of the heart were both direct (blocking sodium channels) and indirect (caused by changes in sympathetic and parasympathetic tone). They pointed tone could mask the direct effects that cocaine may have on the conduction system. Again, the net results of cocaine's effects on the heart may be variable because of competing mechanisms. In addition, the effects of cocaine on the heart also may vary with the dose used, whether it is administered to a conscious or anesthetized subject, and if anesthetized, the type of anesthetic agent used. Doses <2 mg/kg administered intravenously in intact animals are less likely to result in a net decrease in cardiac contractility than doses >5 mg/kg.4 Cocaine administered to anesthetized (sodium pentobarbital) animals is less likely to cause an increase in heart rate and blood pressure than cocaine administered to conscious animals. 4 The present two studies by Shannon et a15 and Clarkson et a18 add to our knowledge of the effect of cocaine on the heart and further illustrate the complex nature of this toxin on the cardiovascular system. Shannon et al5 studied conscious, chronically instrumented dogs subjected to a dose of 1 mg/kg i.v. cocaine. This resulted in increases in heart rate, blood pressure, and myocardial oxygen demand. Coronary vascular resistance increased, but so did coronary artery blood flow (presumably because of the increased oxygen demand). 13 -Blockade with propranolol further increased this coronary vascular resistance and blunted the increase in coronary flow. Similar results have also been reported in humans.9 A major new finding in this study5 was that cholinergic blockade with atropine attenuated the cocaine-induced increase in coronary vascular resistance and increased further coronary blood flow without significantly changing myocardial oxygen demand. Cholinergic receptor blocker given along with 13-blocker in the presence of cocaine attenuated the increased coronary vasoconstriction to cocaine observed with 13-blockade alone. Thus, Shannon's study5 suggests that the coronary vasoconstrictor effects of cocaine may be modulated by parasympathetic and sympathetic tone. Their observations may have important clinical implications: First, cholinergic blockade might have some potential usefulness as therapy; second, 13-blockers, which sometimes are given to treat hypertension and tachycardia associated with cocaine cardiotoxicity, have the potential to increase coronary vascular resistance and worsen coronary blood flow.
Sudden death and arrhythmias have been reported in clinical cases of cocaine cardiotoxicity.10-12 Indeed, the sudden death of some prominent sports figures who allegedly used cocaine received considerable media attention. The mechanisms of sudden cardiac death that have been proposed included both myocardial infarc-tion with associated ventricular arrhythmias or primary ventricular arrhythmia. However, heart block is another potential mechanism for cocaine-induced sudden cardiac death. Hale et al13 (from our laboratory) reported the effects of an acute high dose of cocaine in anesthetized rats. The PR, QRS, and QT intervals and QT interval corrected for heart rate (QTc) were all prolonged at 3 hours after drug administration. PR and QT intervals were also prolonged in pentobarbital-anesthetized dogs that received a large dose (10 mg/kg i.v.) of cocaine.14 Electrophysiological studies performed in the conscious dog showed that 3-5 mg/kg i.v. cocaine resulted in prolongation of the HV interval,'5 and in another study, a dose of 2.8 mg/kg prolonged atrioventricular nodal and maximum sinoatrial conduction time. 16 The study by Clarkson et a18 in this issue of Circulation studied the effect of varying doses of cocaine on electrophysiological parameters in morphine and a-chloralose-anesthetized dogs. Cocaine produced dose-dependent increases in HV, QRS, and QTc intervals. The authors reported that cocaine's effects on conduction were similar to that of class Ib antiarrhythmic drugs. Thus, the present study confirms that cocaine can slow aspects of cardiac conduction, and it is possible that some cases of fatal cocaine overdose in humans may be a result of this electrophysiological disturbance. Of interest, autonomic blockade exacerbated cocaine's effects on atrioventricular conduction, causing significant increases in PR and AH intervals, again stressing as in Shannon's studys the modulation that the autonomic nervous system has on cocaine cardiotoxicity. These authors also issued a warning regarding the use of P3-blockade in cocaine cardiotoxicity. A reduction in sympathetic tone could enhance cocaine's ability to slow conduction through the ventricle and perhaps even lead to heart block.
The acute effects of cocaine on the heart are indeed complex, as shown by the Shannon5 and Clarkson8 studies and as recently reviewed by our group.4 It does appear from both of the present studies that sympathetic and parasympathetic tone may modulate the effects of cocaine on the heart. The acute effects of cocaine on the heart are complex, and it is likely that the effects of chronic use of cocaine on the heart are even less well understood. Recent reports have suggested that chronic cocaine use may cause an acceleration of atherosclerosis17"18 and lead to left ventricular hypertrophy. 19 Cocaine has the potential to affect not only the blood vessels and the heart but also the formed elements of blood in a potentially adverse manner. Excess catecholamines induced by cocaine have the potential to increase platelet aggregation. Furthermore, cocaine added to platelets has been shown in at least two in vitro studies to increase platelet aggregability.20,21
